Wiley STM / Editor: Book Title, Chapter ?? / Authors?? / filename: ch??.doc page 5
13.3.B Tissue and Organism
Tissues and organisms differ in the quality of the GFP signal that can be detected due to differences in the depth of the signal, the amount of light scattering and absorption of the tissue, and the amount of autofluorescence background. Typically, GFP signals that are more superficial are easier to detect than deeper signals since they are absorbed less by intervening tissue. The distance that a GFP signal can penetrate is very dependent on the tissue. Tissues that are uniform and transparent will allow GFP fluorescence to be transmitted with less degradation than tissues that are opaque. In practice younger embryos are typically easier to image since they are smaller, more transparent, and have less autofluorescence.
The species and its stage of development have a large impact on how well GFP can be imaged in a transgenic. Zebrafish embryos can be imaged nicely from fertilization until the larval stage since they are small and optically transparent. One of the principle advantages of using GFP in transgenic animals is that GFP allows imaging of developmental processes to be done in live embryos over time. Since zebrafish embryos develop freely outside their mother, vital imaging is much easier in zebrafish than in mice or chick. Zebrafish embryos begin developing melanocytes at 24 hrs of development which can interfere with imaging, but melanin synthesis can be easily blocked without disrupting normal development by using phenylthiourea (PTU). Iridophores begin to form during the second day of zebrafish development. These highly reflective cells can pose a problem in imaging certain tissues such as the eye. Wiley STM / Editor: Book Title, Chapter ?? / Authors?? / filename: ch??.doc page 6
In other organisms, imaging GFP transgenic animals is only possible at certain stages of development. Mouse embryos can be imaged well up until about embryonic day 12.5 and chick embryos until about St. 24. After these stages, the embryos become too large and opaque for optimal imaging of GFP. Performing time-lapse imaging in mouse and chick requires more sophisticated culture conditions than in zebrafish or Xenopus.
Xenopus embryos are opaque due to the presence of yolk throughout the embryo from the late stages of oogenesis until the larval stages. GFP can be used in Xenopus if it is expressed at high expression levels and in superficial tissues, but Xenopus is not as well suited for imaging GFP as is zebrafish or early stage mouse and chick embryos.
The tissue being studied also affects the quality of imaging from a GFP transgenebecause tissues vary in their degree of transparency and autofluorescence. Extracellular matrix, fat deposits, and pigment can decrease the transparency of a tissue.
Embryos can be cleared by soaking them in agents that match the refractive index of the tissue such as glycerol or benzyl benzoate. Embryos must be fixed in paraformaldehyde prior to clearing to prevent GFP from leeching out so clearing is not compatible with time-lapse imaging. Autofluorescence in vertebrate embryos is a problem in some tissues such as the gut, yolk, and red blood cells. The spectrum of autofluorescence is typically different from that of the fluorescent protein being used. Thus, utilizing proper filter sets can reduce the effects of autofluorescence.
13.3.C GFP Variants
In addition to the originally discovered GFP (termed wild-type GFP or wtGFP) several GFP variants now exist that differ in their excitation spectra, emission spectra, brightness, toxicity, codon-optimization, photo-stability, protein stability, maturation-time, and (Campbell et al., 2002) .
These proteins are bright, photo-stable, monomeric, non-toxic, mature quickly, and are codon-optimized for expression in vertebrates (for a more detailed comparison of GFP variants please see Chapter ??). The excitation and emission spectra of these proteins are also compatible with the most commonly used laser excitation wavelengths and filter sets for microscopy. Blue shifted variants of GFP such as Enhanced Cyan Fluorescent Protein (ECFP, Heim and Chen, 1996) may be useful in special circumstances such as FRET or multicolor labeling, but they are less photostable, not as bright, and require the use of short wavelength excitation sources which are less common on laser scanning microscopes. New and improved GFP variants, such as the recently developed Cerluean and Citrine fluorescent proteins (Rizzo et al., 2004; Griesbeck et al. 2001) , are constantly being published. Such newly developed fluorescent proteins may prove superior to the ones recommended above, so a review of the recent literature should be performed when planning a new experiement with transgenic animals.
Other GFP variants may be useful in special cases. Destabilized GFP variants with decreased half-lives such as d2EGFP (Clontech) may be useful for monitoring rapid changes in gene expression levels during development that might be obscured by the long half life EGFP. The DsRed variant called Timer (Clontech), which changes colors from green to red over time, may also be useful for following rapid changes in gene expression levels in transgenic animals. GFP is a small protein that will freely diffuse to fill the entire volume of cells in which it is expressed. Sometimes, however, researchers want to (Kanda et al., 1998) or the fusion of EGFP to the SV40 nuclear localization signal (Clontech) are useful when it is necessary to clearly identify single cells such as for cell counting or lineage analysis. Other uses for GFP fusion proteins are discussed below.
13.3.D Visualization Methods
GFP fluorescence in transgenic animals can be visualized on any type of fluorescence microscope including dissecting (stereo) microscopes, compound microscopes, and laserscanning microscopes (confocal or multi-photon).
13.3.D.i Visualizing GFP Transgenic Animals with a Fluorescent Dissecting Microscope
Many GFP transgenic vertebrates can be visualized using a fluorescent dissecting microscope. Fluorescent dissecting microscopes are generally not as sensitive as laserscanning microscopes but they allow the embryos to be easily manipulated while they are visualized. GFP positive embryos can be identified and sorted for further experiments using a fluorescent dissecting microscope. This technique is particularly useful for establishing GFP transgenic lines in embryos that can be vitally imaged such as zebrafish, Medaka, and Xenopus. Fluorescent dissecting microscopes can also be used to dissect GFP positive tissue from the embryo for further molecular analysis and several manufacturers produce dissecting microscopes equipped for fluorescence. 
13.3.D.ii Visualizing GFP Transgenic Animals with Confocal or Multiphoton Microscopy
GFP transgenic vertebrates can also be visualized using confocal or multiphoton microscopy. These forms of microscopy eliminate out-of-focus light which allows thin optical sections to be captured deep within a specimen. This capability is especially useful for imaging GFP transgenic animals as whole animals since the thickness of these specimens generates a large amount of haze from out of focus light using traditional fluorescence microscopy. Confocal and multiphoton microscopy can reveal the detailed expression pattern of GFP in deep tissues even if more superficial tissues are also GFP positive. Modern confocal and multiphoton microscopes are advantageous for imaging live animals because they have computer controlled shutters that limit the exposure of the specimen to light and they have very sensitive photodetectors that allow lower light levels to be used for imaging. These advances allow time-lapse imaging of living embryos to be performed over long periods of time without phototoxicity to the embryo or bleaching of GFP (Megason and Fraser, 2003) .
13.3.D.iii Other Methods for Visualizing GFP Transgenic Animals
Several other methods allow the visualization of GFP in transgenic animals. GFP transgenic embryos can be sectioned rather than imaged as whole-mounts. Paraffin antibody marker to be visualized simultaneously (Megason and McMahon, 2002) . If methods must be used that destroy the fluorescence of GFP, then antibody staining or in situ hybridization can be used to detect GFP expression. A final and rather different method for visualizing GFP is "GFP Goggles" (bls-ltd.com). This device contains a blue light source mounted like a miner's helmet and goggles that contain green filters. These GFP goggles allow fast, macroscopic viewing of GFP positive animals. They can be worn in an animal facility and used to visually genotype lines of GFP transgenic animals with expression in the eyes or skin.
Methods for Creating Transgenic Animals in
Different Vertebrate Species:
13.4.A Fish

13.4.A.i Plasmid Injection
Transient and stable GFP transgenics can be made in both medaka and zebrafish by injecting plasmid DNA into the embryo at early cleavage stages (Ozato et al., 1986; Stuart et al., 1988) . In zebrafish, injected plasmid DNA is converted into a highmolecular weight form and amplified during the cleavage stage. It is subsequently degraded during gastrulation and retained in only some of the cells (Stuart et al., 1988) .
For example, zebrafish embryos injected with plasmids containing GFP under the control of ubiquitous promoters such as the Xenopus EF1α enhancer show GFP expression in only a minority of cells (Amsterdam et al., 1995) . The mosaic distribution of injected DNA in injected embryos can be a problem for using transient transgenic fish,so plasmid injection is not usually used to characterize genes functionally by overexpression analysis. RNA injection is more frequently used for functional molecular analysis.
Transient transgenesis using plasmid-based GFP reporters can, however, be used for characterizing regulatory elements. For example, the regulatory elements controlling the expression of GATA-2 and GATA-1 were determined by superimposing the expression patterns observed in several embryos injected with plasmid-based GFP reporters Long et al., 1997) . The mosaicism of GFP in transient transgenic fish can be useful for following individual cells in time-laspse imaging (Koster and Fraser, 2001) or for identifying the projections of individual neurons (Downes et al., 2002) .
Stable GFP transgenic fish can also be generated by injection of linearized plasmid DNA, which produces a mosaic germ line (Stuart et al. 1988; Stuart et al., 1990; Culp et al., 1991) . Typically only 5-10% of injected fish will carry the transgene in their germline and these will pass on the transgene to only 5-10% of their progeny. Subsequent generations are non-mosaic and pass on the transgene at normal Mendellian frequencies.
Stable transgenics in zebrafish that faithfully expressed GFP in desired tissues were first created using the zebrafish GATA-1 promoter (Long et al., 1997) . Since then, a great number of stable transgenic GFP lines have been created using tissue-specific enhancers in zebrafish (Figure 1 ).
13.4.A.ii Injection of Artifical Chromosomes
In vertebrates, elements regulating the expression of a gene can be located hundreds of kilobases away from the promoter. It is difficult to identify such elements using plasmidbased GFP reporters. (Strauss et al., 1993; Yang et al., 1997) . BACs and PACs are advantageous over YACs because they grow in bacteria rather than yeast and they are more stable. These constructs are too large to be manipulated using traditional cloning techniques such as restriction digestion and ligation, but they can be manipulated very precisely using homologous recombination (Yang et al., 1997) . Jessen and colleagues used chi-stimulated homologous recombination in bacteria to target GFP to a BAC containing the GATA-2 gene (Jessen et al., 1998) . Injection of the GFP modified BAC into zebrafish led to proper expression of GFP in the GATA-2 domain whereas plasmid-based constructs did not.
Similar results were obtained for the rag1 locus (Jessen et al., 1999) 
13.4.A.iii. Meganuclease
An interesting paper was recently published that utilizes the meganuclease I-SceI to 
13.4.A.iv Somatic Nuclear Transfer
The cloning of Dolly the sheep using somatic nuclear transfer from a cultured cell (Campbell et al., 1996) generated interest that animal cloning could be used as a method for generating transgenic organisms by using donor nuclei from cells that were genetically modified in culture. Animal cloning has now been successful performed on the animal model systems of mouse (Wakayama et al., 1998) and zebrafish (Lee et al., 2002) . This technique has also been used to successfully generate GFP transgenic livestock in goats (Reggio et al., 2001) , pigs (Lai et al., 2002) , and cows (Bordignon et al., 2003) . The use of somatic nuclear transfer for generating transgenic organisms for research is especially promising in zebrafish. Unlike in mice, embryonic stem cells have not been developed for zebrafish that would allow very precise genetic modification in culture followed by recreating an organism with the desired modification. Using somatic nuclear transfer of cultured cells, it may be possible to perform GFP knock-ins and other types of very precise genetic modification in zebrafish (Lee et al., 2002) .
13.4.B Xenopus
13.4.B.i Sperm Nuclear Transplantation
As in fish, injection of plasmid DNA into Xenopus embryos results in a mosaic distribution of DNA with and only a small fraction of cells expressing the injected DNA (Etkin and Pearman, 1987) . Since Xenopus requires a long-time to mature, large numbers of plasmid-injected embryos cannot be practically raised to maturity and screened for those that transmit stable, non-mosaic transgene insertions as is done in fish. Sperm nuclear transplantation overcomes the problems of mosaic expression resulting from plasmid injection (Kroll and Amaya, 1996) . In this method, purified DNA containing a restriction enzyme-cut transgene is mixed with decondensed sperm nuclei. The restriction enzyme can also be added to the sperm/transgene mixture to help the transgene integrate in a process termed restriction enzyme mediated integration (REMI). Addition of the restriction enzyme improves the efficiency of transgenesis but is not essential. 
2002). Xenopus tropicalis is more useful than
Xenopus laevis for genetics because it has a shorter generation time and its genome is diploid rather than pseudo-tetraploid.
13.4.C Chick
13.4.C.i Virus
Infection with retroviruses has been the traditional method for ectopic gene expression in chick (Logan and Tabin, 1998 with inserts larger than 3.0 kb and the inserts tend to be truncated during viral production.
A replication incompetent form of RSV can accept larger inserts up to 4kb (Boerkoel et al., 1993) . Since GFP is only ~800bp it is possible to make fusions of GFP to a protein used for overexpression in RCAS as long as the protein's coding region is less than 1.7
kb. An internal ribosome entry sequence (IRES) can be used to co-express a gene of interest with GFP in chicks (Dai et al., 2001) . Retroviruses that express GFP have been successfully used to label neurons for time-lapse, lineage analysis in chick (Okada et al., 1999) . Although possible (Petropoulos et al., 1992) , enhancer analysis is not routinely performed using retroviruses because of the limit on insert size and the difficulty of making retroviruses containing inserts with their own promoters or splice sites.
13.4.C.ii Electroporation
A more promising method of generating GFP transgenic chicks is using in ovo electroporation ( Figure 2 ). In this technique, plasmid DNA is injected into a tissue and a series of brief, square voltage pulses is applied across the tissue using microelectrodes (Muramatsu et al., 1997; Itsaki et al., 1999) . DNA constructs as large as 40kb have been successfully electroporated in chick (Ghislain et al. 2003) . Different tissues, including the neural tube, endoderm, somites, eye, surface ectoderm, and limb, can be targeted by adjusting the method of DNA injection and the position of the electrodes. Electroporation results in mosaic, transient expression. The degree of mosaicism depends on the tissue, but some tissues such as the neural tube can be electroporated very efficiently such that >95% cells are GFP positive (Megason and McMahon, 2000) . Expression typically fades in 3-4 days. The expressing cells can be marked by GFP coexpressed from a ubiquitous enhancer/promoter such as CMV/β-actin along with a gene of interest utilizing an IRES (Megason and McMahon, 2000) . Tissue-specific enhancers can also be used in electroporation (Itsaki et al., 1999) . Electroporation has been most widely used in chick, but it is also applicable to other species including mice (Itsaki et al., 1999) , ascidians (Corbo et al., 1997) , zebrafish (Swartz et al., 2001; Tawk et al., 2002) and Xenopus (Eide et al., 2002) . The quickness, ease, and flexibility of electroporation make it a very promising technique for transient transgenesis.
13.4.D Mice
13.4.D.i DNA Injection
Pronuclear injection has been a valuable technique for generating transgenic mice for over 20 years (Gordon and Ruddle, 1981) . DNA injected into the pronuclei of mouse zygotes integrates to generate stable, non-mosaic transgenic animals at fairly high efficiency (10-50%). A number of lines of mice have been generated that ubiquitously express GFP (Takada et al., 1997; Okabe et al., 1997; Chiocchetti et al., 1997) Over the last several years, over 100 lines have been published that express GFP in a tissue restricted manner. As in fish, using BACs to make GFP transgenic animals increases the likelihood of the transgene containing all of the elements required for proper expression of GFP (Yang et al., 1997) . A large-scale effort directed by Nathaniel Heintz, Mary-Beth
Hatten, and Alexandra Joyner is currently underway to generate transgenic mice for
BACs containing gfp and to analyze their expression patterns (Gong et al., 2003) . The project aims to analyze 1000 genes per year. This project has the potential to greatly benefit our knowledge of gene expression and provide a valuable collection of modified BACs (Figure 2 ). 
13.4.D.ii Knock-in
Transgenic mice can also be generated using gene targeting in embryonic stem cells to "knock-in" GFP into a locus of interest. Knock-ins generally require more work to create than do transgenic mice created through pronuclear injection, but knock-ins allow for more precise control of the transgene. In knock-ins, GFP is inserted into the endogenous loci ensuring that all of the regulatory elements required for proper expression of the gene of interest are present. Sequences inserted into a locus via targeting such as selection cassettes can interfere with the regulation of the locus, so care must be taken that interfering sequences are removed in the ES cells prior to generating the mice. Selection cassettes used in targeting can be removed using the cre-loxP system or through retargeting while using negative selection. GFP knock-ins in mice can be designed in several ways: GFP can be expressed in place of the endogenous gene such that the endogenous gene is knocked-out (Godwin et al., 1998); GFP can be expressed as a protein-fusion with the endogenous gene (Kundu et al., 2002a, b) ; or GFP can be expressed from an IRES.
Uses of GFP Transgenesis in Vertebrates
13.5.A GFP as a coexpression marker
GFP transgenesis can be used for a variety purposes in vertebrates. Perhaps the most straightforward use of GFP is as a coexpression marker to identify cells that express a given transgene after coinjection of GFP and a transgene. GFP can also be used for identifying which animals are transgenic when generating transgenic vertebrates. In transgenic Xenopus embryos made using sperm nuclear transfer using both a GFP expression construct and another construct of interest, 94% of the transgenic embryos contained both transgenes cointegrated (Hartley et al., 2001) . Double promoter plasmids containing a gene and promoter of interest along with GFP under the control of the crystalline promoter have been used in Xenopus to identify transgenic animals by looking for GFP in their eyes (Fu et al., 2002) . Cointegration of a detectable marker with the transgene of interest can also be used in mice to identify transgenic animals (Overbeek et al., 1991) . GFP can also be used for genotyping and sex-typing: by generating mice embryos using a father containing a GFP insertion on his X-chromosome, the sex of embryos was determined non-invasively at embryonic day 2.75 by GFP visualization long before overt sexual differentiation occurs at E12.5 (Hadjantonakis et al., 1998a) .
13.5.B GFP as a marker for cell and tissue types
GFP can also be used as a marker for a cell type of interest by using an enhancer that drives expression of GFP in that cell type in transgenic animals. Currently, immunhistochemistry with cell-type specific antibodies and in situ hybridization with cell-type specific probes are the standard methods used for marker analysis. These techniques are advantageous in that they allow a number of different markers to be assayed, but they can only be used on fixed specimens. Using GFP transgenic animals as markers allows cell types of interest to be studied in living specimens. GFP expressed under control of the Oct4 enhancer was used to mark primordial germ cells in the mouse (Anderson et al., 2000) . Time-lapse imaging revealed that PGCs originate from the posterior primitive streak and begin migrating towards the future site of the allantois.
Using GFP as a marker for cell types also allows cellular morphology to be visualized at much higher resolution than by immunhistochemistry or in situ hybrization. GFP Feng el al., 2000) . They generated 25 different lines that each marked different populations of neurons presumably due to transgene integration effects. GFP diffused within expressing neurons to beautifully mark the entire cell from dentrititic spines to the nerve terminal of axons several centimeters long. GFP transgenic animals can also be used to mark cell types of interest to be purified by fluorescent activated cell sorting (FACS). Transgenic mice expressing GFP under the control of the L7 promoter were used to purify live Purkinje cells (Tomomura et al., 2001) . A knock-in of GFP into the Hoxa13 locus in mice was used to purify limb mesenchymal cells which were then used to show Hoxa13 null cells are defective in forming chondrogenic condensations in vitro (Stadler et al., 2001 ).
13.5.C GFP as a marker for gene expression patterns
GFP transgenesis can also be used to study gene expression patterns by placing GFP under the control of the regulatory elements of a gene of interest. This technique is similar to using GFP to mark cell types but the focus is on the gene being marked rather animals, GFP transgenic animals are useful for studying dynamic expression patterns.
Transgenic mice expressing a destabilized GFP under the control of period1 were used to study its daily oscillation in expression and induction by light. (Kuhlman et al. 2000) .
GFP transgenic animals also provide better spatial and temporal resolution of gene expression than in situs, since GFP transgenic animals can be imaged at cellular resolution continuously over development using time-lapse, confocal microscopy.
However, GFP transgenic animals have some potential problems for marking gene expression patterns relative to in situ hybridization. One must ensure that GFP from a transgenic is expressed in the same pattern as the gene being marked, usually by comparison with in situ hybridization at individual time points. GFP takes 1-2 hours to become fluorescent after its transcription is initiated. Because of the long-half life of normal GFP protein, GFP fluorescence can remain long after its transcription has ended, although destabilized variants of GFP may reduce this problem . These effects can cause shifts in the timing of GFP fluorescence relative to its transcription. As described above, a large-scale effort is currently underway to analyze the gene expression patterns of thousands of genes in mice using BAC GFP transgenesis. Similar efforts may also be performed in the coming years in zebrafish and Xenopus. Gene trapping using GFP is also being used to identify expression patterns from several genes in Xenopus (Bronchain et al., 1999) . These efforts will provide a large collection of GFP transgenic animals that mark different cell types and tissues.
13.5.D GFP transgenesis for enhancer analysis
GFP transgenesis can be used for mapping the regulatory elements that control the expression of a gene. Enhancer analysis is usually begun by isolating a large DNA fragment from the locus being studied that is capable of directing expression of GFP in the proper pattern in transgenic animals. Successively smaller fragments are then used to map the location and tissue-specificity of different positive and negative regulatory elements in the enhancer. GFP transgenic animals were used to map the regulatory elements of the GATA1, GATA2, and rag1 loci in zebrafish (Long et al., 1997; Jessen et al., 1999) . Data obtained from several transient, mosaic transgenic fish can be pooled to simplify this analysis rather than establishing stable, non-mosaic transgenic lines (Long et al., 1997) . GFP transgenic animals were used in Xenopus to identify separate regulatory elements that direct endodermal and mesodermal expression of the transcription factor HNF3α (Ryffel and Lingott, 2000) . Electroporation in chick can also be used for enhancer analysis (Itasaki et al., 1999) . These transgenic chick can utilize mouse enhancers, providing a much easier, quicker, and cheaper method of analyzing the mouse sequences (Timmer et al., 2001) . After the initial dissection of an enhancer has been done in chick, the results can be confirmed using transgenic mice.
13.5.E GFP fusions for examining protein function in vivo
Although not yet fully realized, a potentially exciting use of GFP in transgenic vertebrates is the use of GFP protein fusions for studying the in vivo function of proteins.
In this method the coding sequence of GFP is fused to the coding sequence of another Protein fusions to ECFP and EYFP have been used in conjunction with fluorescent resonant energy transfer (FRET) to detect activation of G-protein coupled potassium channels (Riven et al., 2003) . pH, Ca ++ , and voltage sensitive variants of GFP generated through protein fusions can be used for monitoring neural activity non-invasively (Miesenbock et al., 1998; Miyawaki et al., 1999; Sakai et al., 2001) . A novel GFP fusion protein can be used for mapping neural connectivity: a fusion of GFP to a non-toxic fragment of tetanus toxin is transferred across synapses in a retrograde direction in transgenic mice (Maskos et al., 2002 
Conclusion
It has been less than a decade since the first use of GFP as a marker (Chalfie et al., 1994 ), yet this little protein has already revolutionized many areas of biology. Parallel advances in imaging and genetic manipulation over the past decade have further benefited the use of GFP. Because of the extra time and expense involved in using vertebrates compared to using invertebrates or in vitro approaches, many techniques for using GFP have only Germline stable non-mosaic Inheritance of integrated transgene through germline of 0
